We sought to integrate a brief computer and counseling support intervention into the routine practices of HIV clinics and evaluate effects on patients' viral loads. The project targeted HIV patients in care whose viral loads exceeded 1000 copies/ml at the time of recruitment. Three HIV clinics initiated the intervention immediately, and three other HIV clinics delayed onset for 16 months and served as concurrent controls for evaluating outcomes. The intervention components included a brief computer-based intervention (CBI) focused on antiretroviral therapy adherence; health coaching from project counselors for participants whose viral loads did not improve after doing the CBI; and behavioral screening and palm cards with empowering messages available to all patients at intervention clinics regardless of viral load level. The analytic cohort included 982 patients at intervention clinics and 946 patients at control clinics. Viral loads were assessed at 270 days before recruitment, at time of recruitment, and +270 days later. Results indicated that both the control and intervention groups had significant reductions in viral load, ending with approximately the same viral level at +270 days. There was no evidence that the CBI or the targeted health coaching was responsible for the viral reduction in the intervention group. Results may stem partially from statistical regression to the mean in both groups. Also, clinical providers at control and intervention clinics may have taken action (e.g., conversations with patients, referrals to case managers, adherence counselors, mental health, substance use specialists) to help their patients reduce their viral loads. In conclusion, neither a brief computer-based nor targeted health coaching intervention reduced patients' viral loads beyond levels achieved with standard of care services available to patients at well-resourced HIV clinics.
Introduction
"Treatment as Prevention" (TasP) can dramatically reduce new HIV infections. HIV patients on antiretroviral therapy (ART) who achieve and sustain a suppressed viral load protect their own health and virtually eliminate the risk of transmitting HIV infection to others (Cohen et al., 2016; Rodger et al., 2016) . In HIV clinic populations, upwards of 95% of patients have been prescribed ART (Centers for Disease Control and Prevention, 2016) and, among patients in care, 62% have been observed to have durable suppressed viral load (<200 copies/ml) for at least two years (Crepaz et al., 2016) . Increasing the percentage of patients who achieve and sustain viral suppression will help realize the goals of TasP.
A variety of interventions have been conducted to improve ART adherence and viral load. Interventions demonstrating effects on self-reported ART pill taking include providers giving messages to patients (Milam et al., 2005) , text message reminders to patients (Muessig, LeGrand, Horvath, Bauermeister, & Hightow-Weidman, 2017) , and in-person counseling sessions (Koenig et al., 2008; Simoni, Pearson, Pantalone, Marks, & Crepaz, 2006) . Interventions producing significant effects on actual viral load have generally been limited to cognitive-behavioral approaches and social support interventions (Kanters et al., 2017) .
Another approach has used computer-based interventions (CBI). CBIs offer systematic delivery of content and are less personnel-intensive for clinics. Such CBIs have been tested for efficacy using randomized controlled trials (RCT) in clinic settings and have demonstrated significant improvement in self-reported ART adherence (Fisher et al., 2011; Kurth et al., 2014) and viral load (Kurth et al., 2014) . However, because those studies were conducted using the strict methodology of an RCT, it remains unclear whether such technology can be fully integrated into routine clinic practices and benefit patients. The project reported here sought to integrate the combination of a brief CBI and targeted counseling intervention into the standard of care practices of HIV clinics and evaluate effects on patients' viral loads.
Methods

Project design
The project was conducted at six HIV clinics (Birmingham, AL; Boston, MA; Houston, TX; Miami, FL; San Diego, CA; Seattle, WA). Clinics were grouped into two panels to evaluate the intervention. Three clinics immediately initiated enrollment and intervention. The other three clinics delayed for 16 months and served as a concurrent control group during that period (30 January 2014 to 30 May 2015). All six clinics continued to offer the pre-existing standard of care services (e.g. case management, ART education, adherence counseling, mental health, substance use attention).
To create comparable panels with respect to the percentage of the clinic population that had a suppressed viral load, we rank ordered the six clinics on this dimension using clinic population data. The top two were randomized to the intervention or control panels. The middle two and the bottom two clinics were randomized using the same procedure. Clinics in Birmingham, Houston, and Seattle were in the intervention panel, and clinics in Boston, Miami, and San Diego were in the control panel.
Institutional Review Board (IRB) approval covered patient participation and use of de-identified data from all six clinics' databases. IRBs at two intervention clinics (Birmingham, Seattle) deemed the project as "research" and required signed informed consent. The IRB at the third intervention clinic (Houston) viewed the project as enhanced services and participants gave verbal consent. Patients at control clinics were not individually consented during the first 16 months; rather, they were selected from clinics' databases for this analysis (described below).
Eligibility and recruitment
The project targeted candidates whose viral loads exceeded 1000 copies/ml, a threshold that minimized enrollment of patients with transient blips in viremia. Based on the most recent viral load in the medical record, candidates at intervention clinics were identified and recruited at primary care visits during the first seven months of the 16-month period. In selecting patients at control clinics, if a patient attended a primary care appointment during the seven-month recruitment period and had a viral load greater than 1000 copies/ ml at, or nearest in time to, that visit the patient was included in the control cohort. If control patients had more than one primary care visit at which they were viral-load eligible during the recruitment period, we selected the first visit as the entry date. Figure 1 displays the steps in patient selection and confirmation of eligibility.
Intervention components
Below is an overview of the intervention components; detailed information is provided in Supplemental Materials: Intervention.
Computer-based intervention
Participants self-administered a 15-min interactive CBI during primary care visits. Its design was informed by prior CBIs (Fisher et al., 2011; Gilbert et al., 2008; Kurth et al., 2014) and by the Information, Motivation, and Behavioral Skills model (Fisher, Amico, Fisher, & Harman, 2008) . A second CBI was administered at the clinic at least two months later. Participants were not offered incentives (monetary or otherwise) to enroll in the project or do the CBIs. The CBI's theme was lowering viral load and covered ART, ART adherence, clinic attendance, and safer sex. Participants were informed that their responses were private and would not be shared with clinic providers.
Health coaching
Eligibility for health coaching was determined by follow-up viral load. A participant's viral load at the time of the first CBI was compared with their next viral load (at least two months later) with three possible outcomes: (1) participants who did not reach at least a 1-log reduction in viral load were offered coaching; (2) participants who reached a viral load <200 copies/ml were not offered coaching; or (3) participants who had at least a 1-log reduction but did not reach <200 copies/ml were monitored until their next viral load result was available; if that next viral load did not reach <200 copies/ml coaching was offered. A small reimbursement (tendollar equivalent) was given at each session. Health coaches received multi-day training and attempted to deliver up to three face-to-face sessions using motivational interviewing and a strengths-based approach (Rapp, 2006) .
Behavioral screening
Patients at intervention clinics, regardless of their viral load level, completed behavioral screening during primary care visits. Items included ART adherence, clinic attendance, sexual partners, substance use, and wellbeing. Responses were available to providers to guide conversations with patients.
Palm cards
A basket of palm cards was placed in the check-out area of the intervention clinics. The receptionist encouraged Figure 1 . Selection of viral load eligible patients at intervention and control clinics. Notes: *Patients may have been missed for a variety of reasons: project staff was interacting with another patient, the patient was called to see provider after minimal time in waiting room, or the patient left the waiting room. **Computer-based intervention. ***These two groups were compared to specifically examine the effect of the CBI. ****Approximately 90% of the patients in the two cohorts had entry viral loads within 60 days before to 7 days after their project entry date.
all patients to take a card, which contained an empowering/motivational message on ART adherence, clinic attendance, or safer sex (English and Spanish).
Statistical analysis and outcome variables
The statistical model used viral load data (values and dates) to estimate a participant's viral load level at +270 days (9 months) after their entry date, at the entry date (for those who did not have a viral load on that exact date), and at −270 days before entry. This enabled us to examine trends using three points in time. The estimates were generated from a PDF-CDF model (Rose et al., 2015) using all viral load data available among panel members going back 300 days before and 300 days after entry. For participants who had an undetectable viral load, the model generated a value according to the limit of detection of the assay. Viral loads over 1,000,000 copies/ml were recoded to 1,000,000 copies/ml to reduce skew and standardize the upper limit across all six clinics.
We calculated two types of outcomes: (1) The geometric mean viral load at −270 days, entry, and +270 days.
(2) The percentage of participants who had a suppressed viral load (<200 copies/ml) at these three time points. We examined the magnitude of change in the outcomes (e.g., +270 days vs. −270 days) and compared the change at two levels: (1) By panel: eligible patients in the intervention clinics versus eligible patients in the control clinics. This panel comparison included patients at intervention clinics who completed the CBI as well as eligible patients who did not participate in the CBI but may have received the behavioral screening and palm cards.
(2) By CBI participation: eligible patients at the intervention clinics who completed the CBI versus eligible patients at the intervention clinics who did not join the project and thus did not do the CBI. We performed unadjusted comparisons and multivariable models that controlled for demographic and clinical variables (length of time since HIV diagnosis, CD4 cell count, ART variables described in Table 1 ).
To examine counseling effects, the baseline viral load was the value closest in time prior to, or concurrent with, the date of the first counseling session; or, alternatively, closest in time to coaching eligibility determination dates for patients who declined coaching, failed to appear at coaching sessions, or who were missed with an offer of coaching. We monitored viral loads for 12 months from the baseline date. For each of the four coaching groups (none, one, two, or three sessions), we calculated the mean log 10 viral load at baseline and the mean during the 12-month follow-up and compared coaching groups. Statistical analyses were performed using SAS software version 9.4 (SAS Institute, Cary, North Carolina, USA).
Results
Panel sizes and characteristics
A total of 982 patients comprised the intervention panel (Houston: 595, Birmingham: 251, Seattle: 136). This total included eligible patients who participated in the project, eligible patients who declined, and eligible patients who were missed for enrollment ( Figure 1 ). Of these 982 patients, 599 (61%) participated in the project and completed the first CBI. By clinic, the participation rate Table 1 displays the characteristics of the two panels. Compared to the control panel, the intervention panel had a larger percentage of young patients (17-39 years old), non-Hispanic black patients, persons who acquired HIV infection through heterosexual risk factors, and patients with low CD4 cell count at the time of study entry. The intervention panel also had a larger percentage who newly started or re-started ART in the 30 days before entry into the project. Table 2 presents the geometric mean viral loads in each panel. The mean at baseline (entry) was highly similar in the two panels (intervention: 10,599 copies/ml, control: 10,087 copies/ml). At 270 days after baseline, the mean viral load was substantially lower in both panels, somewhat lower in the control than the intervention group (15 copies/ml vs. 33 copies/ml; risk ratio [RR] = 2.3, p = .004), but this difference is clinically insignificant. Viewed from a wider context, at 270 days before baseline, the geometric mean viral load was, unexpectedly, substantially higher in the intervention panel (7018 copies/ ml) than control panel (580 copies/ml) (RR = 12.1, p < .001). This large pre-existing difference between panels at −270 days was virtually eliminated at 270 days after entry. This pattern was observed in several subgroups of patients (Supplemental Tables), and the data pattern was highly similar in each of the three intervention clinics and in each of the three control clinics ( Supplemental Tables) . Table 3 presents the percentage of patients who had a suppressed viral load in each panel. Fewer than 1.0% in each panel had an estimated suppressed viral load at baseline, but there was, again, a large pre-existing difference between panels in percent suppressed at −270 days (intervention: 7%; control: 28%, p < .001). At +270 days, a considerably larger percent in each panel had suppressed viral load (intervention; 74%; control: 80%, p < .001) and the difference between panels at +270 days was much smaller than it was at −270 days.
Intervention versus control panel comparisons
Participants who completed the CBI versus eligible patients who did not
To examine CBI effects directly, we compared participants in the intervention clinics who completed the first CBI (CBI-yes, n = 599) with eligible patients at intervention clinics who declined to participate or who were missed during recruitment and thus did not do the CBI (CBI-no, n = 383). As seen in Table 4 , the CBI-yes and CBI-no groups had similar geometric mean viral loads at baseline and at 270 days before baseline. At +270 days, both CBI groups had markedly lower viral loads (CBI-no group: 12 copies/ml; CBI-yes group: 64 copies/ml, p < .001). Table 5 shows the results for percent virally suppressed. Fewer than 1% of each CBI group had a suppressed viral load at baseline, and approximately 7% of each CBI group was suppressed at 270 days before baseline. Both CBI groups had a much higher percentage suppressed at 270 days after baseline (CBI-no group: 86%; CBI-yes group 66%, p < .001).
Ancillary analyses
Of the 599 participants who completed the first CBI, 314 (52%) completed the second CBI. When we limited the analysis to only those who completed both CBIs, the results were the same as reported above.
Of the 599 participants who completed the first CBI, 229 (38%) were eligible for health coaching. A total of 155 of these 229 participants (68%) received one or more coaching sessions (none: 74, one: 34, two: 32, three: 89). Among coaching-eligible patients who did not receive any coaching, there was a 1-log improvement in average viral load compared to their viral load at the time coaching eligibility was determined (baseline: 4.10, follow-up: 3.05). A similar 1-log improvement was observed in patients who received one coaching session (baseline: 4.47, follow-up: 3.47) or two sessions (baseline: 4.48, follow-up: 3.46). There was a 1.41 log reduction among patients who received three sessions (baseline: 4.28, follow-up: 2.87). Differences were not statistically significant.
Discussion
We found that, on average, both the intervention and control panels had markedly lower viral loads at 270 days after entry into the project. A few factors apart from our intervention components may have contributed to this finding. The project targeted patients who had high viral loads, exceeding 1000 copies/ml at the time of recruitment. When patients' viral loads were re-assessed at follow-up, we would expect some statistical regression to the mean in both panels. Also, providers at intervention and control clinics may have taken action (e.g., conversations with patients, referrals to case managers or adherence counselors) to help their patients reduce their viral loads. The multivariable model controlled for starting or restarting ART within 30 days before entering project, having prior prescription of ART > 30 days to 12 months prior to entry, time since HIV diagnosis, CD4 cell count at time of entry, and age. Race/ethnicity and risk factor for acquiring HIV infection were screened but not retained in the final model because their p-levels were >.2. CI, confidence interval; ART, antiretroviral therapy. One intriguing aspect of the results was that the preexisting viral load (270 days before entry) was more than ten times higher in the intervention than control panel. And the intervention panel's viral load at −270 days (7018 copies/ml) was only modestly lower than their baseline (10,599 copies/ml), attesting to stable, pre-existing viral levels. The substantial reduction in viral load from −270 days to +270 days in the intervention group to a level well below the pre-existing viral level suggests that factors beyond regression to the mean may have played a role. We did not find evidence that the CBI component had a significant effect. Improved viral load was observed in patients who did the CBI and in those who did not. Surprisingly, the improvement was larger among those who did not do the CBI. One possibility is that patients who joined the project and completed the CBI may have had unaddressed social, psychological, and behavioral needs to a greater extent than patients who did not join the project. Second, the health coaching component did not yield significant effects. Each health coaching group, including patients eligible for coaching who did not receive any sessions, exhibited improved viral load. Third, there were two other intervention components (available to patients regardless of viral load status): behavioral screening and palm cards containing empowering messages. The screening was a new endeavor at one of the intervention clinics (Houston). The other two intervention clinics already had screening and continued during the project. By comparison, only one of the three control clinics had pre-existing screening. It is possible that screening and provider conversations with patients at the intervention clinics contributed to the reduction in viral load, but we do not have any direct data to document an effect. Regarding the palm cards, we doubt whether that minimal component played an appreciable role.
At the time of entry into the project, some patients may have had a temporary disruption in access to ART, and other patients may have had longstanding difficulty with ART adherence stemming from mental health, substance use, or other issues. Our CBI and coaching components were not designed to address these types of background needs, although our health coaches made referrals to clinic-based case managers when necessary. All of the six participating clinics were well-resourced, with multiple services available to patients (described in Methods). It is possible that our brief CBI and health coaching were not sufficient to produce an effect beyond the existing standard of care services at the clinics. Additional research is necessary to examine whether our intervention components might have significant effects at limitedresource clinics.
Future work might consider linking the computerized component with a provider component. The CBI was private and the patient's provider did not see the patient's responses. One modification would be to have eligible patients do the CBI in a mobile electronic format accessible from home. The patient's responses could be made available to their providers who could use the information to engage and reinforce their patients. This coupling of components might produce a stronger intervention effect.
One final feature of our project merits comment. The IRBs at two of the intervention clinics determined that the project was research and required signed informed consent. Those two clinics had patient participation rates that were much lower than the other intervention clinic where the IRB determined that the project could be described to patients as enhanced services and required only verbal consent. This finding could be instructive for investigators planning projects similar to the one reported here.
In conclusion, we integrated a brief computerized intervention and health coaching component into routine practices at HIV clinics without disruption. Participation hovered around 50% and at times it was challenging to deliver follow-up intervention due to inconsistent patient attendance at the clinic. Our evaluation did not find evidence that the CBI or targeted health coaching reduced patients' viral loads beyond the standard of care services available at the clinics. Behavioral screening and provider conversations may have helped patients at intervention clinics, but we do not have direct data to demonstrate an effect. Additional work is needed to find a brief CBI and counseling mechanism that can be integrated into clinical care and helpful in lowering patients' viral loads beyond pre-existing services available at HIV clinics.
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